Organellar compartments involved in secretion are expanded during the transition from late pregnancy (basal secretory state) to lactation (maximal secretory state) to accommodate for the increased secretory function required for copious milk production in mammary epithelial cells. The Golgi complex is a major organelle of the secretory pathway and functions to sort, package, distribute, and post-translationally modify newly synthesized proteins and membrane lipids. These complex functions of the Golgi are reflected in the protein complement of the organelle. Therefore, using proteomics, the protein complements of Golgi fractions isolated at two functional states (basal and maximal) were compared to identify some of the molecular changes that occur during this transition. This global analysis has revealed that only a subset of the total proteins is upregulated from steady state during the transition. Identification of these proteins by tandem mass spectrometry has revealed several classes of proteins involved in the regulation of membrane fusion and secretion. This first installment of the functional proteomic analysis of the Golgi complex begins to define the molecular basis for the transition from basal to maximal secretion.
Our ultimate goal is to understand the molecular changes that occur within the Golgi complex as it changes in functional states from basal to maximal secretion. The mammary epithelial cell provides an ideal system in which to study this transition because, in response to the complex hormonal changes at parturition, there is a rapid proliferation and expansion of the organelles involved in milk secretion: 1) the rough endoplasmic reticulum (RER) increases from 15 to 25% of total cell volume; 2) the Golgi complex increases from 1-3% to 5-15% of the total cell volume and the total number of cisternae in the Golgi stack increases more than 2-fold (1 -3); 3) secretory granules/vesicles increase in number and size and in their content of casein micelles (2, 4) . These morphological changes are correlated with an increase in the activities of the enzymes involved in the synthesis of casein, lactose, and milk lipid (5) . The whole process results in mammary glands capable of milk production within 1 -4 days after parturition, depending on the species (4).
Although it is clear that there is a dramatic morphological change in the volume of the secretory organelles during the transition from late pregnancy to lactation, there is little information available on the molecular mechanisms by which these changes occur. There are three possibilities for the observed expansion of the individual organelles relative to total cell volume: 1) the organelles increase in size uniformly over time during the transition (i.e. the production of all components of the organelle are all uniformly up-regulated, thereby creating an identical organelle of larger size with increased capacity, and steady-state distributions remain unchanged), 2) only a subset of components are up-regulated above steady-state distributions, and these components enable the organelle to increase secretory capacity, or 3) subsets of components are up-regulated above steady-state distributions, and the changes occur sequentially over time.
To distinguish among these possibilities, global non-biased strategies of analyses are required.
The field of proteomics has been driven by technological advances, most notably reproducible two-dimensional (2D) gel systems, user-friendly mass spectrometers, and the availability of vast amounts of information through the genome projects (6 -9) . The availability of these technologies has stimulated cell biologists to begin to undertake organellar proteomic projects. Organelles such as the mitochondria, phagosome, and Golgi complex have been studied using 2D gel analysis (10 -13) . Highly reproducible 2D gels allow the one-time identification of a protein spot from a complex or organelle without the requirement of any prior knowledge about the protein being examined. Recently, rapid protein identifications obtained using the robust technique of highthroughput tandem mass spectrometry (MS/MS) make the global proteomics approach even more enticing because vast amounts of data can now be obtained in a short amount of time (14, 15) . Furthermore, it is possible to begin to address functional questions by comparative analyses of proteomes obtained for organelles during the transition between distinct functional states. A comprehensive review of proteomic applications in cell biology by McDonald and Yates can be found elsewhere in this issue (61) .
The Golgi complex is a major organelle of the secretory pathway (16) . It is responsible for the sorting, packaging, and distribution of newly synthesized proteins and membrane lipids, as well as recycling molecules. In addition, the posttranslational modifications of newly synthesized proteins, lipids, and complex carbohydrates are carried out by the enzymes contained within the membranes of the various cisternae (17) (18) (19) . Given the many complex functions of the organelle, some of which remain unknown, the Golgi complex has been an area of intense research in the last 20 years. It is estimated that at least 1000 proteins make up the protein complement of the Golgi complex, and, to date, less than 200 of these are known (10) . Clearly, efficient screens revealing novel Golgi proteins and protein interactions would enhance our present understanding of Golgi function.
Traditionally, researchers in membrane traffic have identified novel proteins of the Golgi through immunologic methods (20 -25) . Families of known Golgi proteins were subsequently defined using similarity searches when the genome databases became available (26) . In addition, many have utilized genetics on eukaryotic organisms such as Saccharomyces cerevisiae to screen for functional molecules. Conditional mutant yeast strains have provided powerful tools with which to analyze and dissect secretory function (27) . These methods, while successful, are limited. Proteomics may be a more comprehensive tool for the rapid identification of novel protein candidates, and by using a comparative approach, can provide a global functional screen.
In this study, we present the first installment of a comparative analysis between two functional states of the Golgi complex in rat mammary epithelial cells. 2D gels were prepared to identify the major differences in the protein composition of Golgi fractions isolated at the basal secretory state (late pregnant glands) and the maximal secretory state (lactating glands). Protein spots selected from these gels were identified using reverse phase liquid chromatography (LC) coupled with tandem mass spectrometry (8) . Using this approach, we have identified 30 proteins from the isolated Golgi fractions that are up-regulated from the steady-state protein distribution in the mammary epithelial cell during the functional transition from basal to maximal secretion. In addition, 15 proteins of unknown function were identified (not addressed in this study). Knowledge of the identities of these regulated proteins and further analyses of the unknowns will fuel the development of new hypotheses and further the understanding of the molecular mechanisms involved in Golgi expansion as well as basic Golgi functions.
Results

Golgi isolation from enriched acinar (alveolar) populations
Fractionation of the Golgi complex from mammary epithelial cells is complicated because the mammary gland contains several other cell types in addition to the secretory epithelial cells, and the relative fraction of each cell type changes with developmental stage (28) . Therefore, acini (also referred to as alveoli), or enriched populations of epithelial cells, were first collected from the gland. This procedure was optimized using the inguinal glands from lactation day 10 (L10) rats because lactating glands provide a reasonably abundant source of tissue. The glands were minced and treated with collagenase and hyaluronidase using a modification of a protocol originally developed for the isolation of pancreatic acini (29) . Release of acini from the tissue was monitored by light microscopy and an enriched acinar preparation was collected by low-speed centrifugation. Subsequently, Golgi fractions were isolated from this enriched epithelial preparation (30) .
Biochemical/morphological evaluation of fractionated Golgi
Extensive assays of enrichment and yield of various markers are routinely used to characterize each step in a fractionation protocol (30) . Each isolated Golgi fraction (GF) was characterized biochemically by quantitative immunoblot, and morphologically by electron microscopy (EM). The enrichment of representative Golgi markers is shown in Figure 1 . The isolated post-nuclear supernatant (PNS), an intermediate fraction (SII), and the Golgi fraction (GF) were analyzed and compared to the GF isolated from the livers of the same 
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Traffic 2000: 1: 769 -782 TGN38 shows several distinct bands as compared to a broad diffuse band (85 -95 kDa) in the liver. These bands were thought to represent distinct glycosylated forms of the protein, and neuraminidase digestions of immunoprecipitated mammary TGN38 confirmed this hypothesis. All four bands collapsed to a single broad diffuse band with a MW of 60 -65 kDa, suggesting that the bands are due to differential sialylation (data not shown). 2) GM130 (a cis-Golgi matrix protein) (31) is present in the liver GF but is not detected in the mammary GF. Markers of the endoplasmic reticulum (ER), mitochondria, and plasma membrane also were quantitated to evaluate for contamination of the fraction with other organelles. A summary of the enrichments of all markers tested is presented in Table 1 . It is clear that the L10 GF is enriched from the PNS and that contamination from ER, plasma membrane, and mitochondria is present but minimal.
For morphological evaluation, the L10 Golgi fraction used for the quantitative immunoblot analysis ( Figure 1 , Table 1 ) was embedded in Spurr's resin, sectioned, stained, and viewed by EM. Figure 2A and B show two different fields of view in a thin section of the plastic embedded L10 GF. The sample is relatively homogeneous, showing membrane structures that appear to be large vesicles containing casein in various stages of aggregation (large arrowheads), single Golgi cisternae (small arrowheads), and, in one instance, a coated bud animals. Quantitation of the bands by phosphorimager analysis shows enrichment in the GF relative to the PNS: a 220-fold enrichment of MG160 (a medial-Golgi marker) (22) , an 85-fold enrichment of TGN38 (a trans-Golgi marker) (23) , and a 28-fold enrichment of p58 (a marker for the intermediate compartment) (21) . Two major differences are apparent between the mammary and liver Golgi markers. 1) Mammary 
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Traffic 2000: 1: 769-782 (star). Fortuitously, casein stains well with traditional EM staining protocols and provides a convenient marker to identify compartments of the secretory pathway. The presence of casein in various stages of maturation (submicelles or micelles) identifies the secretory compartments as Golgi or Golgi-derived (3). Remarkably, in both views, the Golgi appears to be almost completely unstacked. This morphology is distinctly different from the nicely stacked Golgi previously isolated from rat livers (30) , and, together with the absence of the Golgi matrix protein GM130, suggests that the matrix may be modified in mammary epithelial cells.
Evaluation of control and cycloheximide-treated Golgi fractions L10 rats were treated with cycloheximide (CHX) for 4 h prior to sacrifice to terminate protein synthesis thereby clearing the Golgi of secretory and membrane proteins (cargo proteins) in transit. Isolated L10 GF from control (CTL) and cycloheximide (CHX) treated rats were biochemically fractionated into soluble and membrane fractions using high pH (32) . Biochemical sub-fractionation has two major advantages. Proteins can be placed into distinct classes (the soluble or membrane categories), and minor proteins (e.g. regulatory proteins) are enriched and more easily identified. Analytical (silver stained) 2D gels were prepared from each of the sub-fractions resulting from high pH treatment of CTL and CHX Golgi fractions. Figure 3A and B show the membrane and soluble sub-fractions prepared from the CTL L10 Golgi fraction, respectively. Figure 3C and D show the corresponding 2D gels resolving the membrane and soluble subfractions prepared from the CHX L10 Golgi fraction, respectively. The major soluble milk proteins, a and b casein, are visualized and labeled in the soluble fraction of the CTL sample ( Figure 3B ), but are not present in the soluble fraction of the CHX sample (circled locations in Figure 3B are transposed onto Figure 3D ) or in the CTL or CHX membrane fractions. The membrane cargo protein, polymeric IgA receptor (pIgAR), is visualized in the membrane fraction of the CTL sample ( Figure 3A ), but not in the membrane fraction of the CHX sample or the soluble fractions of the CTL and CHX sample (circled location in Figure 3A is transposed onto Figure 3C ,B,D). These data indicate that: 1) the high pH carbonate treatment used to separate the membrane from the soluble proteins is efficient, and 2) the 4 h CHX treatment of the rats prior to sacrifice almost completely eliminates the cargo proteins in transit. We proceeded next to the two-dimensional analysis of the molecular differences between Golgi membranes isolated in the basal and maximal secretory states.
Comparison of Golgi membrane fractions isolated from distinct functional states
Golgi high pH membrane fractions were prepared from CTL and CHX treated animals at pregnancy day 18 (P18) (32) . Biochemical enrichments of the CTL P18 GF are presented in Table 1 , and the GF fraction appears to be enriched in Golgi markers. Analytical (silver stained) 2D gels were prepared resolving the membrane sub-fractions, and Figure 4 shows the comparison between P18 and L10 Golgi membrane fractions. Figure 4A and B show the 2D gels resolving CTL P18 and L10 Golgi membrane sub-fractions, while Figure 4C and D show the 2D gels resolving CHX P18 and L10 Golgi membrane sub-fractions. Major proteins present in all four gels are boxed for comparison. Several general observations can be made. 1) The pattern of the 2D gel spots in all four gels is similar, suggesting that the majority of the overall protein distribution at steady state remains the same during the functional transition.
2) The CHX membrane samples show a more defined and less complex pattern than CTL samples. Proteins endogenous to the Golgi are enriched in the CHX samples because the proteins in transit have been reduced (30) . 3) Upon closer inspection, the pattern of the protein spots of the P18 and L10 CHX gels, while similar, are clearly not identical. Analysis of the protein spots on the gel using the Melanie II software (BioRad) is typically carried out at 2X magnification for better resolution of the spots. We have focused on spots that are visualized on the L10 CHX 2D gel but are barely visible (or not visible) on the P18 CHX 2D gel for the analysis of proteins that are up-regulated from the steady-state protein distribution with the transition from basal to maximal secretion. A subset of these spots was selected for identification by MS/MS.
Protein identification by tandem mass spectrometry
Preparative 2D gels with increased protein load (Coomasie stained) were prepared from the P18 CHX and L10 CHX Golgi membrane fractions for analysis by MS/MS (33) . Spots were excised and in-gel digested with trypsin (8) . Peptides were extracted from the gel, separated by liquid chromatography, and analyzed by MS/MS (8) . Identifications were made off-line using Sequest software (34) . In Figure 5 , Panels A -G show enlarged regions from the gels presented in Figure 4C and D. The protein spots selected for MS/MS analysis are labeled with identification numbers (Map IDs). Protein spots labeled with an asterisk (*) serve as fiducial markers or landmarks. The identifications of the numbered proteins in Figure 5 are presented in Table 2 . In other experiments not shown, Golgi fractions were biochemically subfractionated using TritonX-114 (TX114) partitioning to yield three sub-fractions (35): 1) aqueous (soluble proteins), 2) detergent soluble (membrane proteins), and 3) detergent insoluble (matrix-like proteins) (13) . Symbols (c) next to the identifications indicate those proteins enriched in the detergent insoluble fraction of TX114 extractions of the Golgi fractions. Proteins listed without symbols (c) were enriched in the detergent soluble fraction. All identifications from the various gels were made by MS/MS, and none were made by co-migration. Table 2 represents the first installment of the comparison between Golgi proteins isolated from the basal secretory state (P18) and the maximal secretory state (L10). These data focus on proteins that are up-regulated from the steady-state protein distribution during the transition between the func-
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Traffic 2000: 1: 769 -782 Figure 4A is transposed onto C and B for reference). Note: It was necessary to load different amounts of proteins in the membrane and soluble sub-fractions because the silver consistently stains the soluble proteins more intensely than the membrane proteins.
tional secretory states. Future installments will provide lists of proteins that are down-regulated in addition to those that remain the same. Together, these data will provide the database required to begin to dissect the mechanisms of Golgi expansion.
Discussion
Lactating mammary epithelial cells have traditionally been one of the model systems used by advocates of the cisternal maturation model of trafficking (3). This cell type, studied 773 Traffic 2000: 1: 769-782 during lactation, seems to utilize both the constitutive and a modified regulated secretory pathway and does not adhere to the 'classical rules' of secretion (36) . Pulse-chase experiments carried out in lactating mouse mammary alveoli in culture show that 30% of the labeled casein is secreted constitutively, and the additional casein can be secreted by raising intracellular calcium levels (37, 38) . In addition, a significant amount of compound exocytosis is observed by morphology (36) . However, this is most likely due to the massive amounts of protein, lipid, and lactose being rapidly secreted during this developmental stage of the gland (36) . During pregnancy, the secretory epithelial cells are not massively secreting milk components but, rather, are maintaining a basal secretory level (1, 2, 5) . Using comparative proteomics to analyze the molecular components of secretory organelles during the transition between late pregnancy (basal secretion) and lactation (maximal secretion), we have the unique opportunity to investigate the molecular mechanisms of organelle expansion and to evaluate the trafficking models of cisternal maturation and vesicular transport. 
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Traffic 2000: 1: 769 -782 Figure 4 C and D to provide better resolution of the spots selected for protein identification. The spots selected for analysis were those appearing to be up-regulated from the steady-state distributions of the Golgi membrane protein complement during the functional transition from basal (P18) to maximal (L10) secretion. All spots labeled with identification numbers (ID c s) were excised and identified by tandem mass spectrometry. Spots labeled with an asterisk (*) serve as fiducial markers or landmarks. The identifications of the numbered proteins are presented in Table 2 .
775
Traffic 2000: 1: 769-782
Isolated Golgi are significantly enriched and of high yield The validity of all the proteomic analyses conducted here depends on the quality of the subcellular fractions analyzed. Golgi fractions were prepared from the inguinal mammary glands from groups of 12 L10 rats and groups of 18 P18 rats. The use of multiple rats for each sample preparation controls for variation between animals. Conditions for the fractionations were first optimized in lactating glands because they provided a more abundant source of starting material. Subse- quent fractionations from pregnant glands were carried out using the conditions optimized in lactating glands.
A major contaminant to be considered from this protocol would be Golgi originating from cells present in the gland other than the mammary epithelial cells. To prepare Golgi fractions from enriched epithelial cell populations, acini were first collected from finely minced mammary glands dissociated from fibrous connective tissue by collagenase and hyluronidase digestion (29) . Golgi fractions were subsequently isolated from the enriched acinar preparation.
Since no fractionation protocol results in pure Golgi, contamination from other organelles was evaluated using several methods. The novel method of high-throughput protein identification using 2D gels coupled with tandem mass spectrometry offers a quick and ideal way to address contamination spot by spot. Proteins identified to be residents of other organelles are not considered further, and those spots are subtracted from subsequent 2D analyses. However, if the identified protein is one of unknown function, then the only way to determine its endogenous organelle of residence is by actual localization of the protein in the cell. This can be done fairly quickly if the unknown protein is cloned into a GFP fusion construct. Expression of the GFP fusion protein in the cell results in localization of the fluorescent protein by microscopy.
The classical assays of quantitative immunoblots and electron microscopy were also carried out to quantitate contamination. From the data presented in Figure 1 and Table 1 , it can be concluded that contamination from ER, plasma membrane, and mitochondria is minimal in both the L10 and P18 Golgi fractions. Electron micrographs taken of the Golgi fraction isolated from the lactating mammary glands showed that most membrane profiles contain casein at various stages of micelle formation. The presence of casein submicelles and micelles is indicative of Golgi cisternae or secretory vesicles even though intact Golgi stacks are not observed. Evaluation of secretory granules is more complex because it is unclear where the Golgi ends and secretory granules begin. There are presently no unique markers available for the detection of secretory granules in mammary epithelial cells. In fact, supporters of the maturation model of transport through the Golgi would argue that there are no secretory granules and that the Golgi extends completely to the apical plasma membrane. This is an important question and we anticipate that it can begin to be addressed by proteomic analyses. Taken together, the Golgi fractions obtained from pregnant and lactating glands were significantly enriched and of high enough yield to warrant functional proteomic analysis.
Comparison of the 2D gel maps of CTL ( Figure 3A and B) and CHX ( Figure 3C and D) Golgi membrane subfractions generated from P18 and L10 glands, respectively, shows that the overall protein spot pattern on the gels are quite similar. In fact, the fiducial markers presented in each of the panels in Figure 5 demonstrate that many proteins remain the same in the two samples analyzed. These data suggest that the two fractions are reasonably equivalent and the observed changes (up-regulation of protein spots from the steady-state distribution) are significant.
Significance of proteins identified
The identifications of the 30 up-regulated proteins at the maximal secretory state of the Golgi complex were amazingly organized (Table 2 ). Multiple members of major functional classes of trafficking and regulatory proteins were identified using this screen and clearly demonstrate the 777 Traffic 2000: 1: 769-782 power of this approach. Six membrane fusion proteins (annexins I, III, IV, V, a-SNAP and synaptotagmin), six regulatory proteins (rabs 2, 6, 11b, 11e, 14, 18), four microtubule motor proteins (dynein light and intermediate chain, kinesin, and myosin heavy chain), and four actin remodeling proteins (rhoA, rhoGAP, cdc42, and hsp27) were all up-regulated. Importantly, four housekeeping proteins were identified to remain at the same level in both functional states (BiP, tubulin, actin, and GBB1), providing an ideal control for the screen and further supporting the significance of the proteins identified to be up-regulated.
Six membrane fusion proteins were identified to be up-regulated from steady state during the transition from basal to maximal secretion. Annexins I, III, IV, V, a-SNAP and synaptotagmin have been well characterized, although the specifics of the mechanism of action of each in regulated secretion in response to increased calcium concentration is poorly understood. The annexins and synaptotagmin are mediators of calcium-dependent fusion events (39) . The annexins comprise a group of calcium-dependent membrane aggregating proteins that can initiate contacts between secretory vesicle membranes, which subsequently fuse (39). Synaptotagmins c Proteins also identified from the TX114 detergent insoluble phase. Note: numbers in the Mr and pI columns are theoretical. Numbers in parentheses are the actual and were given if the experimental number deviated substantially from the theoretical. Deviations in Mr are most likely due to proteolysis (ID c 1 and 27), glycosylation (ID c 7), and interactions with the cytoskeleton (ID c5, 28, and 31) . Deviations in pI are most likely due to post-translational modifications.
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Traffic 2000: 1: 769 -782 are a family of proteins implicated in the control of Ca 2 + -dependent exocytosis. Synaptotagmin I has been shown to regulate secretion by potentiating and accelerating Ca 2 + -dependent exocytosis in mast cells (40) . Alpha-SNAP has been shown to be required for SNARE complex disassembly and shown to play a role in priming granules for release at the early step of Ca 2 + -dependent exocytosis (41, 42) . Their concurrent identifications here suggest that they might all interact in a coordinate manner.
The up-regulation of four microtubule motor proteins (dynein light and intermediate chain, kinesin, and myosin heavy chain), and four actin remodeling proteins (rhoA, rhoGAP, cdc42, and hsp27) complement the observation that fusion events are up-regulated. Secretory vesicles and/or entire Golgi cisternae would require transport on microtubules, and once at the apical plasma membrane, actin reorganization would allow for fusion and exocytosis. The small GTP-binding protein RhoA, perhaps upon activation by RhoGAP (43) , has been shown to be essential for secretory function and is involved in the disassembly, relocalization, and polymerization of F-actin (44) (45) (46) . Cdc42, a Rho family GTPase that also reorganizes actin, was originally discovered as an essential gene in Saccharomyces cerevisiae that is required for budding and establishment of cell polarity (57) . Recent studies suggest that activated Cdc42 competes with transmembrane cargo proteins for binding on the g-subunit of the COPI coatomer complex through the dilysine (KK) motif and regulates secretory traffic (58, 59 ). In addition, activation of Cdc42 in MDCK cells has been found to be essential for the delivery of VSV-G protein to the basolateral plasma membranes and was found to increase the rate of secretory protein transport by 1.5 to 2-fold (59,60).
Other interesting proteins were identified to be up-regulated. Two 14-3-3 proteins (b and o) are members of a family of dimeric phosphoserine-binding proteins that participate in signal transduction and have been shown to be involved in inhibition of apoptosis (47) . O-acetyl GD3 ganglioside synthase (GD3 synthase) is a member of the sialyltransferase family and localizes to the proximal side of the Golgi and the TGN (48) . Up-regulation of all three of these proteins would imply involvement of signaling pathways as well as increased Golgi function.
Secretory events in the mammary epithelial cell are clearly very highly ordered and initiated in response to the complex hormonal changes at parturition. The identification of the up-regulation of six members of the rab family of small GTP-binding proteins (rabs 2, 6, 11b, 11e, 14, 18) further supports the high degree of regulation. Small GTP-binding proteins have traditionally been shown to play a crucial role in regulating exocytosis in a variety of tissues (42, 49) .
Since the functions of the GTP-binding proteins are hypothesized to be related to their cellular locations, future directions include experiments to begin to dissect the temporal and spatial distribution in which these molecules are regulated.
Are these molecules all up-regulated together, or is there a specific order to the process? Using an in vivo mouse ovariectomy model that mimics lactogenesis and initiates the transition from basal to maximal secretion (50) , this question can be addressed. We will first narrow the time frame of the transition and then track some of the proteins identified here with immunofluorescence in mammary tissue taken in a temporal series during the functional transition. We are currently in the process of establishing this time frame, and initial results reveal that the amplification of secretory organelles occurs within a narrow 12-h window. Another major secretory process in mammary epithelial cells involves cytoplasmic lipid droplets (CLDs) and is unique to this cell type. This process appears to be connected to the exocytic pathway and is also tightly regulated and initiated within the same 12-h window. We have used the same cell fractionation and comparative proteomic approach to study the mechanism of secretion of CLDs (51) .
Use of functional proteomics as a global screen 2D gel analysis is an unbiased approach in that spots from fractions of interest can be quantitatively compared with each other with no foreknowledge of which protein spots are known or unknown. This technique is similar to microarray analysis/differential display, but has a number of important advantages. 2D gels allow for the analysis of a specific subset of cellular proteins, e.g. those associated with the Golgi complex or other organelles. The focus is on the compartment of interest and enhances our ability to identify less abundant proteins. In addition, 2D gel maps of the biochemically fractionated material provide basic biochemical information about proteins of interest including the ability to analyze post-translational modifications (13) . Use of microarray analysis/differential display is useful but will not provide information on what type of protein is up-/down-regulated or what subcellular compartment(s) the protein is localized to. Finally, even when changes in the expression of mRNA are detected, corresponding changes at the protein level must still be demonstrated to hypothesize functional significance. Using a comparative analysis on the Golgi proteome at two functionally distinct states (basal and maximal secretion), we have identified 30 proteins, many of which belong to major functional classes of proteins known to be involved in the regulation of secretory events. The identities of most of the proteins revealed to be up-regulated during the functional transition of the organelle confirmed the high degree of regulation involved in the active secretory state of the organelle and is an added testament to the usefulness of comparative proteomics as a tool for functional screens.
Materials and Methods
Isolation of acini from rat mammary glands Acini were first isolated from the total gland using a modification of the method developed for isolation of pancreatic acini (29) . A minimum of 12 female Sprague -Dawley rats (first pregnancy and lactation) were used for each preparation to eliminate the necessity to characterize random variations between animals. Inguinal mammary glands were removed from lactating (L10) or pregnant (P18) rats ( 9cycloheximide).
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Cycloheximide blocks protein synthesis allowing proteins in transit to clear from the Golgi and reach their final compartments of residence. It was administered as published previously (30) . The tissue is minced and incubated at 37°C in 0.075% collagenase/0.15% hyaluronidase/ HBBS containing 1 mg/ml each of proteolytic inhibitors chymostatin, leupeptin, antipain, and pepstatin. Release of acini is monitored by light microscopy over a 90-min digestion period. Mammary epithelial cells remain metabolically active for more than 3 h after collagenase treatment (37, 38) . Acini are strained through cheesecloth and collected by centrifugation at 1500 × g for 10 min at 4°C. Morphological analysis (light and EM) reveal that the acini are intact and enriched (data not shown).
Fractionation of Golgi from enriched acini
The Golgi fractionation protocol is similar to that modified from Leelavathi (52) by Taylor and colleagues (30) . The livers of the same animals from which the mammary glands were harvested were prepared in parallel. The liver was minced finely, and the mammary glands were collagenase and hyaluronidase treated to produce acini. The mammary acini and the minced livers were lightly homogenized using a Polytron PT 10/35 (Brinkmann, Westbury, NY) in 100 mM KH 2 PO4/K 2 HPO4, pH 6.8, 5 mM MgCl 2 with 1 mg/ml each of proteolytic inhibitors chymostatin, leupeptin, antipain, and pepstatin. All subsequent sucrose solutions were prepared in this buffer. The homogenate was subjected to low-speed centrifugation, 3000 ×g for 10 min at 4°C, and the resulting PNS was loaded in the middle of a sucrose step gradient (1. 
1D Gel Electrophoresis and Immunoblotting
SDS-PAGE was carried out using a 7.5% acrylamide gel and the Biorad buffer system. For immunoblots, Immobilon-P filters were blocked for 1 h in Blotto (5% nonfat powdered milk/PBS/0.02% sodium azide). The filters were incubated overnight in primary antibody/Blotto and washed three times for 10 min in Blotto. When using a mouse primary antibody, the filters were incubated with rabbit secondary antibodies raised against mouse IgGs for 2 h and detected using [ 125 I]-protein A and phosphorimager analysis (Molecular Dynamics, Sunnyvale, CA).
Biochemical subfractionation of isolated Golgi
High pH carbonate treatment. High pH treatment was carried out according to Howell and Palade (32) . Briefly, the GF was pelleted at 150000×g for 30 min and resuspended at 1 mg/ml in 200 mM sodium carbonate, pH 11, for 30 min at 4°C. The suspension was then pelleted at 150000 ×g for 30 min. The supernatant was collected and analyzed as the 'soluble' fraction. The pellet was re-treated at 1 mg/ml in 200 mM sodium carbonate, pH 11, for 30 min at 4°C. The suspension was re-pelleted at 150000 × g for 30 min. The supernatant was discarded, and pellet was resuspended in 100 mM KH 2 HPO 4 (pH 6.8) and analyzed as the 'membrane' fraction. TX114 extraction. TX114 subfractions (aqueous, detergent, insoluble) were prepared following the method of Bordier (35) . GF was pelleted in a microfuge at 16000 × g for 20 min at 4°C. The pellet was resuspended at 1 mg/ml in ice-cold 1% TX114, 150 mM NaCl, 10 mM Tris, pH 7.4 containing proteolytic inhibitors using a glass and teflon homogenizer and allowed to sit on ice for 1 h with occasional gentle mixing. The insoluble fraction was pelleted by centrifugation for 20 min at 16000× g at 4°C. The supernatant and a wash of the pellet was layered on top of 200 ml cushion containing 0.06% TX114, 6% sucrose, 150 mM NaCl, 10 mM Tris, pH 7.4. The tube was incubated at 37°C for 3 min to allow phase separation to take place before centrifugation at 3000×g for 2 min at room temperature to sediment the detergent phase through the cushion. The aqueous phase was carefully collected away from the detergent phase.
2-D gel electrophoresis
Protein (20 -50 mg) was precipitated using methanol and chloroform (53) for analysis on silver stained gels. Protein (1 -2 mg) was precipitated for preparative Coomasie (R-250) stained gels used for subsequent identification by mass spectrometry (55) . Precipitated proteins were solubilized in 8 M urea, 4% CHAPS, 1 M thiourea, 83 mM dithioerythritol, 18 mM Trizma base, 0.4% carrier ampholytes pH 3.5-10 (BDH; Poole, UK), and 0.0025% bromophenol blue. Isoelectric focusing was performed using Immobiline dry strips (nonlinear pH range 3.5 -10; Pharmacia). The dry strips were rehydrated with the solubilized protein sample by in-gel reswelling (54) and were electrophoresed for 14 h. The second dimension was run on a 9 -16% polyacrylamide SDS gel using a BioRad Protean XiII cell (BioRad). Silver staining was performed according to SwissProt 2D PAGE procedures (54) . All gels were scanned using a flatbed scanner, and the resulting images were analyzed by the Melanie II software (BioRad).
In-gel digestion of 2D spots
In-gel digests of Coomasie blue stained 2D spots were performed as described (56) . Briefly, spots were cut out with a scalpel and washed in 100 mM NH 4 HCO 3 for 10 min. Proteins were reduced with 3 mM DTT/100 mM NH 4 HCO 3 for 20 min at 60°C. After cooling to room temperature, iodoacetamide was added to 6 mM final concentration and incubated in the dark for 20 min at room temperature. The aqueous solution was discarded, and the gel slice was washed in 50% acetonitrile/100 mM NH 4 HCO 3 for 20 min. The gel slice was cut into 1 mm 3 pieces and transferred into new 0.5 ml low adhesion Optimum ® tubes (Life Science Products, Inc.). Gel pieces were dehydrated with the addition of 100% acetonitrile for 15 min. The solvent was removed, and the gel pieces were dried. Gel pieces were reswelled with 0.2 mg modified trypsin/25 mM NH 4 HCO 3 overnight at 37°C. The supernatant was removed and placed into new 0.5 ml Optimum ® tubes. Peptides were extracted from the gel pieces with 100 ml 60% acetonitrile/0.1% trifluoroacetic acid (TFA) for 20 min. The supernatant was removed and added to the previous extract. This extraction was repeated twice. The pooled extract was lyophilized to dryness and reconstituted in 10 ml 5% formic acid immediately before analysis by mass spectrometry.
Identification of protein peptides by tandem mass spectrometry
Peptide samples were centrifuged for 10 min at 15000 RPM in a microfuge to remove any particulate matter. Samples were then loaded onto a 100 mm fused silica column with a 5 mm tip. Flow rates were adjusted to 300 -500 nl/min on an HP1100 pump and positioned in front of the heated capillary opening on a Finnigan LCQ. Peptides were eluted with an acetonitrile gradient from 98% Buffer A/2% Buffer B to 40% Buffer A/60% Buffer B where Buffer A is 5% acetonitrile/0.5% acetic acid and Buffer B is 80% acetonitrile/0.5% acetic acid. Spectra were analyzed using Sequest software (7, 8, 34) . Positive identifications were made with the criteria of three separate spectra with high correlation scores. Factors included in the calculation of the correlation score are part of the Sequest software and are discussed elsewhere (34) .
Electron microscopy
Golgi samples (50 mg) were pelleted and fixed in 2% glutaraldehyde/ 2% sucrose/100 mM sodium cacodylate, pH 7.35 overnight at 4°C. The
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Traffic 2000: 1: 769 -782 tissue was post-fixed in 2% OsO 4 in 0.8% potassium ferrocyanide buffered with 100 mM sodium cacodylate, pH 7.35. The tissue blocks were washed with water, dehydrated with increasing EtOH steps (50%, 75%, 90%, 98%, 100%), and embedded in Spur's resin. Sections were post-stained in 5% uranyl acetate in MeOH and Reynold's lead citrate. Samples were imaged using a Phillips CM10 microscope.
